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(54) Metal Oxide Bearing Active Carbon Molded Body 
(57) Abstract 

Constitution: This is a deodorizing method for foul odors wherein a molded metal oxide 
bearing active carbon body having oxidation catalytic properties wherein one or more 
oxides of metals selected from a group made up of iron, chrome, nickel, cobalt, manganese, 
zinc, copper, magnesium and calcium are carried at 0.1 - 20 wt.% by 100 parts of active 
carbon obtained by carbonizing a carbonaceous raw material, and after activation in an 
atmosphere with a moisture content of 15% or less by volume, cooling to SOO^'C or less in 
that atmosphere, with 1 - 50 parts organic blinder added, a honeycomb shape is formed. 
Effects: The molded metal oxide bearing active carbon body according to the present 
invention has a high oxidation catalyst functionality even at room temperature or low 
temperatures when the malodorous gases have an extremely low concentration, and 



furthermore, since it has a honeycomb shape, pressure loss is extremely low, so it is 
superior in oxidation elimination capacity for malodorous substances such as methyl 
mercaptan and trimethylamine. Using these characteristics, [it] can be used for the 
elimination of methyl mercaptan and other malodorous gases in refrigerators, toilets and air 
cleaners. 
[Claims] 

1. A molded metal oxide bearing active carbon body having oxidation catalytic properties 
wherein one or more oxides of metals selected from a group made up of iron, chrome, 
nickel, cobalt, manganese, zinc, copper, magnesium and calcium are carried at 0.1 - 20 
wt.% by 100 parts of active carbon obtained by carbonizing a carbonaceous raw material, 
and after activation in an atmosphere with a moisture content of 15% by volume or less, 
cooling to 300°C or less in that atmosphere, with 1 - 50 parts organic blinder added, and a 
honeycomb shape formed. 

2. A molded metal oxide bearing active carbon body having oxidation catalytic properties 
wherein one or more oxides of metals selected from a group made up of iron, chrome, 
nickel, cobalt, manganese, zinc, copper, magnesium and calcium are carried at 0.1 - 20 
wt.% by 100 parts of active carbon obtained by typical methods and, after being processed 
at a temperature of 500''C or more in nitrogen gas and/or carbon dioxide gas substantially 
containing no oxygen and/or water vapor, cooled to 300°C or less in that atmosphere, with 
1-50 parts organic blinder added, and a honeycomb shape formed. 

3. A deodorizing method wherein is used a molded metal oxide bearing active carbon body 
having oxidation catalytic properties wherein one or more oxides of metals selected from a 



group made up of iron, chrome, nickel, cobalt, manganese, zinc, copper, magnesium and 
calcium are carried at 0.1 - 20 wt.% by 100 parts of active carbon obtained by carbonizing 
a carbonaceous raw material, and after activation in an atmosphere with a moisture content 
of 15% by volume, cooling to 300°C or less in that atmosphere or obtained by typical 
methods and after being processed at a temperature of 500°C or more in nitrogen gas and/or 
carbon dioxide gas substantially containing no oxygen and/or water vapor, cooled to 300°C 
or less in that atmosphere, with 1 - 50 parts organic blinder added, and a honeycomb shape 
formed. 

[Detailed Description of the Invention] 

[0001] [Field of Application in Industry] The present invention relates to a molded metal 
oxide bearing active carbon body and a deodorizing method using this molded body, and 
more specifically, metal oxides are carried by active carbon obtained by specific processes, 
a binder added and formed into a honeycomb shaped molded body with high oxidation 
catalytic properties, usable in deodorizing malodorous substances such as methyl 
mercaptan and trimethylamine. 
[0002] 

[Prior Art] It is known that metal oxides have catalytic properties for oxidative breakdown 
of malodorous substances such as methyl mercaptan and trimethylamine, but when these 
are carried in a ceramic honeycomb for use, the specific surface area of the ceramic 
honeycomb is small, so a high level of oxidation activity is not exhibited. However, a high 
level of catalytic activity is exhibited when [they are] applied to active carbon, and since 



there are few harmful reaction byproducts, this is effective as a deodorizing agent, but 
granular or powdered active carbon cannot be used unless it is put into a small bag or filled 
into a column. Furthermore, there have been problems in that there is a large pressure loss 
when [it is] used with this method, and it is difficult to pass gases through at high speeds. 
[0003] Furthermore, in methods where a metal oxide is applied after the preparation of a 
conventional active carbon honeycomb, the active carbon honeycomb that is to do the 
carrying has little strength, and since the specific surface area is small, it is difficult to 
apply large amounts of the metal oxide and obtain metal oxide bearing active carbon with a 
high level of activity. 

[0004] For example, in cases of use in filters placed in refrigerators, bathrooms, air 
cleaners, etc., it has been unsuitable to apply metal oxides the granular active carbon that 
has existed conventionally. This is because pressure loss has been high and it has been 
difficult to pass gasses through at high speeds because of its being used by filling a column 
or vessel with the active carbon. 

Therefore, when this kind of odor filter is used, honeycomb shaped active carbon with a 
metal oxide applied, which is highly fiinctional as an oxidation catalyst and has a low 
pressure loss, is required for the elimination of malodorous substances such as methyl 
mercaptan and trimethylamine. 
[0006] 

[Problems to be Solved by the Invention] In light of the problems mentioned above, the 
present invention provides a deodorant catalyst formed from molded active carbon with a 
metal oxide applied, having low pressure loss and high-level catalytic properties and 



making elimination sufficiently possible even if gasses pass through the oxidation catalyst 
at high speeds and an agent and means for eliminating bad odors such as methyl mercaptan 
and trimethylamine in refrigerators, toilets and air cleaners. 
[0007] 

[Means to Solve the Problems] Published Unexamined Patent Application H7(1995)- 
80299, which is a previous application by the present inventors, describes the superior 
elimination performance for malodorous gasses such as methyl mercaptan and 
trimethylamine of active carbon with a metal oxide applied and having oxidation catalytic 
properties wherein a carbonaceous raw material is carbonized and, after being activated in 
an atmosphere with a moisture content of 15% by volume or less, cooled to 300°C or less 
in that atmosphere or active carbon obtained by typical methods, which after being 
processed at a temperature of 500°C or more in nitrogen gas and/or carbon dioxide gas 
substantially containing no oxygen and/or water vapor, is cooled to 300°C or less in that 
atmosphere and further one or more oxides of metals selected from a group made up of 
iron, chrome, nickel, cobalt, manganese, zinc, copper, magnesium and calcium are carried 
at 0.1 -20 wt.%. 

[0008] Here, "active carbon obtained by typical methods" means active carbon obtained 
through typical production methods where there is activation in an atmosphere with a 
moisture content much greater than 15 volume % and before sufficient cooling following 
the completion of the activation reaction, removal from the activation fiimace and contact 
with the air. Furthermore, "substantially containing no oxygen and/or water vapor" means 
an atmosphere where there exists no oxygen atoms bonding to the active surface in the heat 



treatment of the active carbon, and this is a state where oxygen and water vapor are 1 - 2% 
or less. 

[0009] Based on this the present inventors carried out various investigations concerning 
active carbon bearing metal oxides, with their low pressure loss and superior oxidation 
catalytic properties for malodorous substances, which could be used in, refrigerators, toilets 
and air cleaners, for example, for the elimination of malodorous substances such as methyl 
mercaptan and trimethylamine existing in dilution at low temperatures in living spaces. As 
a result, it was found that a molded metal oxide bearing active carbon body that can 
sufficiently eliminate by oxidation malodorous substances such as methyl mercaptan and 
trimethylamine even in low concentrations of approximately 10 ppm at low temperatures of 
0 - 40°C could be obtained if active carbon made through a specific process is used as a 
substrate and a honeycomb shape formed after the metal oxide is carried, and based on this 
the present invention was achieved. 

[0010] More specifically, this is a deodorizing method wherein is used a molded metal 
oxide bearing active carbon body having oxidation catalytic properties wherein one or more 
oxides of metals selected from a group made up of iron, chrome, nickel, cobalt, manganese, 
zinc, copper, magnesium and calcium are carried at 0.1 - 20 wt.% (in the following, when 
solid and liquid compositions are given by %, they will be by wt.% and will only show %) 
by 100 parts of active carbon obtained by carbonizing a carbonaceous raw material, and 
after activation in an atmosphere with a moisture content of 15% by volume (in the 
following, when gas compositions are given by %, volume % is indicated, and only % is 
shown) or less, cooling to 300°C or less in that atmosphere or obtained by typical methods 



and after being processed at 500°C or more in nitrogen gas and/or carbon dioxide gas 
substantially containing no oxygen and/or water vapor, cooled to 300°C or less in that 
atmosphere, with 1-50 parts organic blinder added, and formed into a honeycomb shape. 
[001 1] The present invention will be described in detail in the following. 
[0012] The active carbon used in the present invention is obtained from carbonization of 
the carbonaceous raw material of coconut shells, coal, etc. for the carbonaceous raw 
material and activation by the method according to the present invention. 
[0013] Aside from water vapor, this activation gas contains carbon dioxide gas and/or 
nitrogen gas, and the water vapor content must be 15% or less. The composition of the 
activation gas normally used for active carbon has 40 - 60% water vapor, and there are 
many cases where it is higher than that. Since the activation speed of carbonaceous 
substances due to water vapor is much greater than that due to carbon dioxide gas, the 
compositions of normal activation gasses are set with the partial pressure of water vapor as 
high as possible. Therefore the conditions according to the present invention are mild 
conditions that greatly slow down the activation speed compared with normal methods. 
This point is particularly important, and as will be described later, only when there is a 
molded body wherein metal oxides are applied to active carbon activated under special 
conditions according to the present invention and an organic binder is added is superior 
deodorant performance exhibited. 

[0014] As is shown in Embodiment 5 and Comparative Examples 5 and 6 in Table 3, it can 
be confirmed that there is a clear reduction in the oxidation catalytic properties of the 
deodorant substance for malodorous substances such as methyl mercaptan and 



trymethylamine activation is carried out under conditions of high water vapor content. The 
details of the mechanism whereby activation conditions with low water vapor content 
improve the oxidation catalytic performance of active carbon are not clear, but there are 
indications that active carbon honeycombs obtained under these conditions are in a state 
where they have no oxygen atoms bonded to their surfaces. Furthermore, in active carbon 
honeycombs obtained under these conditions, micropores that have a pore diameter smaller 
than active carbon obtained through normal methods are developed, and the structure is one 
suitable for bearing metal oxides. 

[0015] Normal active carbon honeycombs are produced by activating carbonaceous 
substances formed into a honeycomb shape by water vapor and combustion gases, but 
sufficient oxidation catalytic performance will not be exhibited if this active carbon is used 
in the present invention. The results of the present invention were first obtained using a 
molded active carbon body where active carbon activated by gasses of the special 
composition previously mentioned was used, and after a metal oxide was carried, binder 
was added, extrusion carried out, and a honeycomb shape formed. 
[0016] The active carbon honeycomb obtained in this manner exhibits high-level catalytic 
properties that rapidly oxidize malodorous substances such as methyl mercaptan and 
trymethylamine. However, if the active carbon raw material according to the present 
invention is removed at the high activation temperature and placed in an atmosphere 
containing large amounts of water vapor, hydrogen gas, or oxygen gas, there is a 
remarkable reduction in performance as an oxidation catalyst. 



[0017] The active carbon according to the present invention must be cooled to an active 
carbon temperature of SOO^'C following activation under the same gas composition used 
during activation and subsequently removed. The gas in the same composition as that used 
during activation being necessary during cooling means that an atmosphere of nitrogen gas, 
carbon dioxide gas or a mixture thereof substantially not containing oxygen and/or water 
vapor is sufficient, and the gas used for activation and the gas used for cooling need not be 
of the same composition. In the present invention "cooled in that atmosphere" means an 
atmosphere of the composition mentioned above. 

[0018] if the active carbon is removed into the air at 300°C or greater after activation, there 
is marked reduction in performance as an oxidation catalyst at low temperatures in low 
concentrations. Embodiment 1 and Comparative Example 1 (cooling in air by normal 
methods after activation) in Table 1 show the effects on the catalytic properties in the case 
of cooling in nitrogen gas after activation and the case of cooling in air. Furthermore, 
Embodiment 4 and Comparative Examples 3 and 4 in Table 2 show the effects of the 
temperature where the active carbon comes into contact with air after activation. 
[0019] As in the above, it is preferable that the specific surface area of the active carbon 
according to the present invention be 800 m2/g or greater, with 1000 m2/g being more 
preferable. 

[0020] Furthermore, in the present invention, spent carbon where the surface has come into 
contact with air and the oxidation catalytic properties have been reduced or active carbon 
obtained by normal methods is processed at a temperature of SOO^'C in gas of the same 
composition as the activation gas mentioned previously and cooled to a temperature of 



SOO'C or lower in that gas. Active carbon obtained in this manner is used as a raw material 
and made to carry a metal oxide catalyst as previously mentioned, and furthermore, by 
adding an organic binder and molding, a molded metal oxide bearing active carbon body 
that exhibits high-level oxidation catalytic properties for malodorous substances such as 
methyl mercaptan and trymethylamine can be obtained. Rephrasing this, the active carbon 
honeycomb is given high-level oxidation catalytic properties by this heat treatment and 
cooling. The active carbon used in this heat treatment can be obtained from any raw 
materials such as coal or coconut shells, and furthermore there are no particular limitations 
on the shape before processing. 

[0021] By carrying out the previously mentioned processing on active carbon prepared by 
normal methods, an active carbon substrate that can be used as an oxidation catalyst in the 
present invention can be obtained. At this time, heat treatment of 500°C or greater is 
necessary. The processing time varies with temperature, but 20- 180 minutes is typically 
preferable for 500°C, and at 800°C, the effects can be sufficiently obtained by processing 
for several minutes. Embodiments 2 and 3 and Comparative Example 1 show the effects of 
the heat treatment temperature on the oxidation catalytic properties. 
[0022] The active carbon according to the present invention is obtained by activation under 
specific conditions or by heat treatment under specific conditions, but the reason that the 
molded active carbon body according to the present invention exhibits superior deodorant 
capabilities can be assumed to be not only the difference in the performance of the active 
carbon alone, but also the interaction of the surface structure, etc., and of the active carbon 



and the organic binder. More specifically, the organic binder must not inhibit the absoiption 
function of the active carbon. 

[0023] It is necessary for the active carbon substrate used in the present invention to carry a 
metal oxide at 0.1 - 20%. For the active carbon to carry the metal oxide, a prescribed 
amount of metallic salt is dissolved in an aqueous solution or, if necessary, a prescribed 
acidic aqueous solution with an acid concentration of 0.1 - 3, the active carbon soaked in 
the solution, agitated, and after the metal oxide has been sufficiently absorbed, the liquid 
removed, with drying in air or nitrogen at 300°C or lower. Furthermore, [it] is prepared by 
the method of drying after uniformly distributing the aqueous metallic salt solution, cupric 
chloride for example, while the active carbon is agitated in a mixer, etc. The metallic salt 
applied to the substrate is broken down by heat treatment and becomes a metal oxide. The 
amount of metal oxide carried must be 0.1 - 20%, but a carrying amount of 0.5-5% is more 
preferable. 

[0024] When the amount of metal oxide carried is 0.1% or less, catalytic activity is 
insufficient, and furthermore, when the amount carried is 20% or over, catalytic properties 
do not improve with increases; furthermore, since the absorption performance of the active 
carbon itself, which is the substrate, is inhibited, the amount applied must be 20% or less. 
Regulation of the amount of metal oxide carried is performed by varying the ratio of the 
amount of the aqueous solution or the amount of metal oxide in the acidic aqueous solution 
to the amount of active carbon. Normally, the active carbon absorbs all of the metal oxide 
in the solution. 



[0025] Salts of inorganic acids such as nitrates, sulfates, and carbonates; salts of organic 
acids such as acetate, oxalate, and formate; or hydroxides and chlorides, etc. can be used 
for the metallic salt, and there is a wide [range] of use as long as conversion to an oxide by 
means of heat treatment is possible afterwards. Furthermore, it is possible to use a mixture 
of the salts. Furthermore, hydrochloric acid, nitric acid, sulfuric acid, acetic acid, and 
formate acid can be added as counter ions to the salt and used in the aqueous solution. 
[0026] One or more metal oxide selected from a group made up of iron, chromium, nickel, 
cobalt, manganese, zinc, copper, magnesium and calcium must be carried by the active 
carbon substrate according to the present invention. The metal oxide carried may be may be 
carried singly or as a mixture of two, and when a plurality of metal oxides is used jointly, 
the catalytic performance may be further improved. 

[0027] Heat treatment is necessary to convert the metallic salt carried by the active carbon 
to a metal oxide, but there is no need to completely convert the metallic sah carried to a 
metal oxide, and even if salts that have not been broken down remain, [it] will function as 
an oxidation catalyst if [it] contains a metal oxide. Heat treatment is normally carried out in 
air or nitrogen at SOO'^C or less. The active carbon with a metal oxide applied according to 
the present invention is obtained this matter. 
[Embodiments of the Invention] 

[0028] It is possible to use a metal oxide bearing active carbon with various pulverized 
particle diameters of 0.1 jiim - 4 mm to form the active carbon with a metal oxide applied 
that has been obtained in this manner into a honeycomb shape, and selection and use are 
done according to the targeted use. 



[0029] The organic binder used in the present invention is a binder made from an organic 
substance, and when it is mixed with the active carbon powder and pressure is applied 
under wet conditions, it is necessary for it to be such that along with forming the molded 
body, there is no substantial inhibition of the absorptive properties. Water-based binders 
exhibiting plasticity are preferable, and for example, water dispersion binders such as the 
following, water-soluble binders, etc. can be used. 

[0030] Butadiene copolymer latex, isoprene copolymer latex, vinyl acetate resin emulsions, 
acrylic emulsions, polyolefm emulsions, polysaccharides produced by microbes, for 
example "Biopoly P-1." (produced by Takeda Chemical Industries, Ltd.), etc., can be cited 
as water dispersion binders. 

[0031] Cellulose derivatives such as ethyl cellulose, carboxymethyl cellulose, ethyl 
cellulose, hydroxyethyl cellulose, etc., and polyvinyl alcohol, polyvinyl butyral, 
polyethylene glycol, etc., can be cited as water-soluble blinders. 

[0032] Multifunctional organic substances, such as dispersants, wetting agents, lubricants, 
plasticizers, and water retention agents, are often used jointly in typical extrusion molding. 
Therefore, these organic binders are not only used alone, but are often added as mixtures 
containing a plurality of organic substances. 

[0033] Furthermore, lubricants and wetting agents are used with them according to 
necessity. Wax emulsions, stearic acid emulsions, glycerin, alcohol, vinyl acetate resins, 
polyethylene, polypropylene, and further ceramic powders such as bentonite, etc. can be 
cited for these additives. Commercial items wherein these molding agents are already 
combined may be used as is. 



[0034] The amount of organic binder to be used must be 1 - 50 parts to 100 parts of active 
carbon. Preferably it would be 2 - 25 parts. If the amount of organic binder used is one part 
or less, the strength of the molded body is insufficient, and if the amount of the organic 
binder used is 50 parts or greater, organic binder will convert the surface of the active 
carbon, so the absorption properties and catalytic properties will be reduced. The effects of 
the amount of organic binder used on the strength and catalytic properties of the molded 
body are shown in Embodiments 14-17 and Comparative Examples 9 - 12 in Table 6. 
[0035] Publicly known methods can be used for the molding a honeycomb shape. More 
specifically, mixers, ribbon mixers, static mixers, ball mixers, sample mills, kneaders, etc., 
for example, can be used as methods for mixing the active carbon, binder, etc. By adding an 
aqueous solution in the necessary amount when mixing and kneading, at paste-like state is 
formed, and molding can be done by a vacuum extrusion molding machine. Furthermore, 
the method of adding water to the binder when mixing and mixing in the active carbon after 
sufficient mixing is also effective. Caution is necessary for having sufficiently uniform 
mixing and not allowing bubbles to enter. Furthermore, it is necessary to have sufficient 
vacuum deaeration and degassing for the vacuum extrusion molding machine. 
[0036] A circular or angular lattice shaped die is attached to the mouth of the extruder, and 
it is set up so that the extruded molded material takes the shape of a honeycomb. There are 
no particular limits to the size of the die, but one in the range typically used may be used. 
Furthermore, there are no particular limits on the number of cells, but approximately 50 - 
800 cells is preferable from the standpoint of moldability. However, the number of cells is 
typically given as the number of holes per square inch. 



[0037] After the honeycomb shaped molded body obtained through extrusion is cut to a 
suitable length, [it] is typically dried in air or in nitrogen, but care must be taken so that 
cracks do not form in the walls of the honeycomb during drying, and drying is carried out at 
a temperature of SOO^'C or less. By this means, the molded metal oxide bearing active 
carbon body according to the present invention is obtained. 
[0038] Because the molded metal oxide bearing active carbon body according to the 
present invention is a honeycomb shaped molded body, the pressure loss is extremely low, 
and at room temperature or low temperatures and even if the concentration of malodorous 
gases such as methyl mercaptan is extremely low, [it] is highly functional as a oxidation 
catalyst, so [it] is superior is an elimination agent for malodorous gases in refrigerators, 
toilets, air cleaners, etc. 
[0039] 

[Embodiments] The present invention will be described in further detail citing 
embodiments in the following. 

[0040] (Embodiments 1-17 and Comparative Examples 1 - 12) In Embodiment 1, an 
active carbon substrate is obtained after dry distillation at SOO'^C of coconut shells 
pulverized in a #10 - 30 mesh by extruding active carbon into a vessel displacing nitrogen 
and cooling to 300°C or less following activation to a specific surface area of 1300 m2/g at 
900^C. 

[0041] Next, in the same manner as Embodiment 1, activated active carbon is extruded in 
nitrogen so as to have a specific surface area of 1300 m2/g in Comparative Example 1, and 
after cooling to 500°C, [it] is removed into the air and cooled to obtain an active carbon 



substrate. Furthermore, the active carbon substrate in Comparative Example 1 is extruded 
in nitrogen following processing for 10 minutes in nitrogen at 500^C and cooled to room 
temperature to obtain the active carbon substrate in Embodiment 2. Furthermore, after 
processing the active carbon substrate in Comparative Example 1 in a 50% nitrogen and 
50% carbon dioxide gas flow and 800°C, [it] is cooled to room temperature in nitrogen and 
the active carbon substrate in Embodiment 3 is obtained. 

[0042] These active carbons are used as follows and made to carry metal oxides and shown 
in Tables 1 - 6. As an example, the case of preparing metal oxide bearing active carbon 
where the amount of metal oxide carried is 2.0% will be given. After the necessary metallic 
salt is dissolved in pure water in an amount to contain 1 g of metal, and after 50 grams of 
active carbon substrate is added and agitated well for 12 hours, the water is removed, and 
metal oxide bearing active carbon wherein the amount of metal oxide carried is 2.0% is 
obtained by drying at 60°C. 

[0043] However, when metal oxides with two or more components are carried, preparation 
is done by repeating the above operations. Furthermore, a series carrier active carbons are 
prepared with different types of metal oxides and amounts carried according to the above 
method. 

[0044] The metal oxide bearing active carbon obtained in this manner is pulverized to 0.01 
- O.I mm. 100 parts of this bearing active carbon are well mixed with 20 parts extrusion 
molding binder (produced by Yuken Industry Company, Ltd., water soluble extrusion 
binder "Seranda YBl 15IW"), and it is kneaded in a kneader with the addition of 30 parts 
pure water. The extrusion molding binder ("Seranda YBl 151 W") is a binder that combines 



a complete balance of bonding agents, plasticizers, lubricants, wetting agents, etc., and 
molding is possible just with the addition of water. 

[0045] The composition of the binder comes from organic compounds with little ash 
content, and its resistance to thermal decomposition is superior. After it the carrier active 
carbon is mixed uniformly with the organic binder, it is extrusion molded using a vacuum 
extruder. The extrusion molded body shape is a 50 mm square with 300 cells. 
[0046] The extrusion molded sample is cut to a thickness of 10 mm and dried at 150®C to 
prepare a molded metal oxide bearing active carbon body. The prepared molded 
honeycomb body has sufficient strength, and no fine powder could be seen to have been 
generated, etc. 

[0047] However, a commercial honeycomb shaped ceramic manganese catalyst 
("Manganchett" produced by Kobe Steel, Ltd.) was used in Comparative Example 2. 
[0048] Deodorizing performance tests were carried out in common for all embodiments and 
comparative examples according to the following method. As a malodorous component, 
409 mg of methyl mercaptan or trymethylamine was used, and under fixed conditions, tests 
of being left as is for 24 hours and continuous flow through were carried out with 
measurements of the proportion of decrease in the malodorous gas taken. 
[0049] One of the honeycomb molded catalysts of each type prepared was set in a four liter 
desiccator, and after vacuum deaeration and after 409 mg of metal mercaptan or 24 mg of 
trymethylamine was introduced, air was introduced to return it to normal pressure, and it 
was held for 24 hours at 5°C. The amount of malodorous gas introduced was equivalent to 
an average amount of malodorous gas produced in a typical home refrigerator during five 



years and was set as a target for deodorant tests. More specifically, a single honeycomb 
molded catalyst was given an initial load of five years worth. Next, this catalyst was set in a 
10 cm diameter 30 cm acrylic reaction vessel, and air containing 3 ppm of methyl 
mercaptan or trymethylamine was passed through at S'C. The flow rate was set at 
SV=31200 hr ' with the relative humidity at 50±10%. The outlet gas was sampled with a 
syringe, and concenb-ations analyzed by gas chromatography. 

[0050] The results of measurements and the characteristics of the catalyst used are shown in 
Table 1. 



[0051] 
[Table 1] 





Sample 
catalyst 


Specific 
surface 
area 
mVg 


Cooling 
gas 


Catalyst 
In 

parenthesis 
is the 
amount 
applied 
wt.% 


Amount 
of methyl 

mercaptan 
remaining 
from the 
initial 
load after 
24 hours / 
ppm 


Concentration of methyl 
mercaptan at outlet / ppm 


30 
min. 


60 
min. 


90 
min. 


120 
min. 


180 
min. 


Embodiment 


Active 




















1 


carbon 






Mn (2.0) + 
















honeycomb 


1060 


N2 


Cu(l.O) 


0.1 


ND 


ND 


ND 


ND 


ND 


Comparative 


Active 




















Example 1 


carbon 






Mn (2.0) + 
















honeycomb 


1030 


Air 


Cu (1 .0) 


26 


0.8 


1.0 


1.2 


1.4 


1.6 


Comparative 


Commercial 


















Example 2 


ceramic 






















honeycomb 






















Mn catalyst 






Mn (2.0) 


38 


2.2 


2.6 


2.8 


2.7 


2.8 


Embodiment 


Comparative 




















2 


Example 1 






















processed at 






Mn (2.0) + 
















500°C in N2 


1030 


N2 


Cu(l.O) 


1.0 


ND 


ND 


0.1 


0.1 


0.1 


Embodiment 


Comparative 




















3 


Example 1 























processed at 






















800°C in 






Mn (2.0) + 
















N2+CO2 


1030 


N2 


Cu(l.O) 


0.5 


ND 


ND 


ND 


0.1 


0.1 



[0052] Each of the honeycomb shape molded metal oxide bearing active carbon bodies 
according to the present invention (Embodiments 1 - 3) substantially eliminated the methyl 
mercaptan, a malodorous substance, completely and exhibited superior deodorant 
capabilities. Conversely, as is shown in the comparative examples (1 and 2), in each of the 
cases where active carbon substrates obtained by normal methods other than that of the 
present invention or commercial catalysts were used methyl mercaptan was eliminated at a 
slower rate. 

[0053] Next, after cooling active carbon activated as in Embodiment 1 in N2 when 
removed, a molded metal oxide bearing active carbon body formed into the honeycomb 
shape is obtained by producing active carbon with a different temperatures when removed 
in air and making [it] carry a metal oxide by the same method as in Embodiment 1. 
Trimethylamine gas elimination performance was measured using these active carbon 
molded bodies through the same method as in Embodiment 1. 

[0054] These results and the characteristics of the active carbon molded bodies used are 
shown in Table 2. Here, the initial load of trymethylamine is 24 mg, and the 
trymethylamine concentration in the air used for continuous flow tests is 3 ppm. 
[0055] 
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[0056] As is shown in Table 2, the performance of the honeycomb shaped metal oxide 
bearing active carbon according to the present invention depends upon the temperature of 



the first contact with air after cooling, and if it is 300*^0 or higher, it can be seen that there 
is a large reduction in the capabilities for eliminating malodorous gases. 



[0057] Next, using a molded metal oxide bearing active carbon body formed into a 
honeycomb shape wherein, under conditions with a different partial pressures for water 
vapor in the activating gas when the coconut shell carbon is activated and after activation 
such that a specific surface area of 1200 m^/g is formed at 900*^0, the active carbon is 
removed into a vessel having undergone nitrogen exchange, cooled to below 300®C in that 
nitrogen, and further made to carry a metal oxide by the same method as in Embodiment 1, 
the elimination performance for trymethylamine gas was measured by the same method as 
in Embodiment 1 . 

[0058] These results and the characteristics of the active carbon molded bodies used are 
shown in Table 3. Here, the initial load of trymethylamine is 24 mg, and the 
trymethylamine concentration in the gas used for continuous flow tests is 3 ppm. 
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[0060] As is shown in Table 3, the performance of the honeycomb shaped metal oxide 
bearing active carbon according to the present invention depends upon the concentration of 
water vapor during activation, and it can be confirmed that when the water vapor 
concentration is 15% or less, high-level catalytic properties are exhibited, and when the 
water vapor concentration increases, or putting in another way, in conditions when the 
activation speed is high, the oxidation catalytic properties of the active carbon obtained 
decrease rapidly. 

[0061] Next, active carbon carriers made to carry different metal oxides are prepared by the 
same method as in Embodiment 1, and molded active carbon bodies are prepared by the 
same extrusion molding as in Embodiment 1 . Furthermore, a molded active carbon body 
carrying no metal oxide was prepared for comparison. Methyl mercaptan and 
trymethylamine elimination performance was measured using these active carbon molded 
bodies through the same method as in Embodiment 1 . 

[0062] These results and the characteristics of the active carbon molded bodies used are 
shown in Tables 4 and 5. Here, the initial load of methyl mercaptan is 409 mg, and the 



initial load of trymethylamine is 24 mg. 



mercaptan or trymethylamine in the gas 



Furthermore, the concentration of methyl 
used for continuous flow tests was 3 ppm. 



[0063] 

[Table 4] 





Catalvst 


Amount 


Concentration of methyl mera 


iptan at outlet / ppm 




In 


of methyl 


30 min. 


60 min. 


90 min. 


120 


180 




narenthesis 


mercaotan 








min. 


min. 




is the 
amount 


remaining 
from the 














applied 
wt.% 


initial 
load after 
24 hours / 
ppm 












Embodiment 
















6 


Mn (2.5 


0.2 


ND 


ND 


ND 


0.1 


0.1 


Embodiment 


Mn (2.0) + 














7 


Ca(1.5) 


0.3 


ND 


ND 


ND 


0.1 


0.1 


Embodiment 
8 


Cu (3.0) + 
Ni(l.O) 


0.5 


0.1 


0.1 


0.1 


0.2 


0.2 


Embodiment 
9 


Cu (2.0) + 
Zn (2.0) 


0.8 


ND 


0.1 


0.1 


0.2 


0.1 


Comparative 
Example 7 




12.4 


1.4 


1.5 


1.7 


2.0 


2.2 



[0064] 
fTable 51 





Catalyst 
In 

parenthesis 
is the 
amount 
applied 
wt.% 


Amount 
of 

trimethyla 
mine 

remaining 
from the 
initial 
load after 
24 hours / 
ppm 


Concentration of trii 


Tiethylami 


ne at outlet 


t/ppm 


30 min. 


60 min. 


90 min. 


120 
min. 


180 
min. 


Embodiment 
10 

Embodiment 
11 

Embodiment 


Ni(1.0) + 
Cu (5.0) 
Cr (2.5) + 
Cu (4.0) 
Co (2.0) + 


0.2 
0.3 


0.1 
0.2 


0.2 
0.1 


0.1 
0.1 


0.1 
0.2 


0.2 
0.2 



12 


Fe (3.0) 


0.3 


0.1 


0.2 


0.2 


0.2 


0.2 


Embodiment 


Mg(1.5) + 














13 


Fe(3.5) 


0.2 


0.1 


0.1 


0.2 


0.2 


0.2 


Comparative 
















Example 8 




8.5 


2.0 


1.9 


2.1 


2.4 


2.3 



[0065] As is shown in Tables 4 and 5, it can be confirmed that the honeycomb shaped metal 
oxide bearing active carbon according to the present invention (Embodiments 6-13) has 
superior oxidation catalytic performance for malodorous gases such as methyl mercaptan 
and trymethylamine, but that active carbon molded bodies that do not carry metallic salts 
(Comparative Examples 7 and 8) have low elimination performance. 
[0066] Furthermore, tests where the amount of organic binder added for use during 
extrusion molding was changed were carried out. Metal oxide bearing active carbon 
powder prepared in the same manner as in Embodiment 1 was kneaded and extrusion 
molded with varying amounts of organic binder added. The previously mentioned "Seranda 
YBl 15IW" (Embodiments 14 and 15 and Comparative Examples 9 and 10) and a mixed 
binder of 83 parts polysaccharides produced by microbes "Biopoly P-1" (produced by 
Takeda Chemical Industries, Ltd.) with 2 parts carboxymethyl cellulose (CMC) and 15 
parts bentonite (Embodiments 16 and 17 and Comparative Examples 1 1 and 12) were used 
as organic binders and molding carried out. 

[0067] Methyl mercaptan elimination performance tests similar to those in Embodiment 1 
are carried out using these molded active carbon bodies. Here, the initial load of methyl 
mercaptan is 409mg, and the methyl mercaptan concentration in the air used for continuous 
flow tests is 3 ppm. Furthermore, crush strength tests (b axis orientation) were carried out 
on the molded bodies. 



[0068] The results are given in Table 6, Here, BP is the Biopoly, CMC the carboxymethyl 
cellulose, and BT the bentonite. 



[0069] 

[Table 6] 





Parts 


Type of 


Crush 


Specific 


Catalyst 


Amount 


Concentration of metl 




organic 


organic 


strength in 


surface 


In 


of methyl 


mercaptan a1 


t outlet / r 




binder 


binder 


b axis 


area 


parenthesis 


mercaptan 

* 


30 


60 


90 


i: 








orientation 


M% 


is the 


remaining 


min. 


min. 


min. 


m 








Kg/cm^ 




amount 


from the 


















applied 


initial 




















wt.% 


load after 






















24 hours / 






















ppm 










Comparative 










Mn (2.0) + 












Example 9 


0.5 


Seranda 


1.6 


1090 


Cu(l.O) 


0.2 


ND 


ND 


0.1 


0. 


Embodiment 










Mn (2.0) + 












14 


5.0 


Seranda 


34.5 


1080 


Cu(l.O) 


0.1 


ND 


ND 


ND 


N 


Embodiment 










Mn (2.0) + 












15 


20.0 


Seranda 


41.8 


1060 


Cu(l.O) 


0.1 


ND 


ND 


ND 


N 


Comparative 










Mn (2.0) + 












Example 10 


55.0 


Seranda 


55.2 


760 


Cu(l.O) 


4.2 


0.3 


0.3 


0.6 


1. 


Comparative 




BP+CMC 






Mn (2.0) + 












Example 1 1 


0.5 


+BT 


2.4 


1120 


Cu(l.O) 


0.2 


ND 


ND 


ND 


0, 


Embodiments 




BP+CMC 






Mn (2.0) + 












16 


10.0 


+BT 


36.8 


1090 


Cu (1 .0) 


0.3 


ND 


0.1 


0.1 


0. 


Embodiments 




BP+CMC 






Mn (2.0) + 












17 


25.0 


+BT 


44.9 


1040 


Cu(l.O) 


0.4 


ND 


0.1 


0.2 


0. 


Comparative 




BP+CMC 






Mn (2.0) + 










1. 


Example 12 


60.0 


+BT 


52.7 


740 


Cu(l.O) 


3.9 


0.2 


0.4 


0.7 



[0070] As is shown in Table 6, both elimination performance for malodorous gases and the 



crush strength are high when the amount of organic binder added is 1 - 50 parts 
(Embodiments 14-17), but when the amount of binder added is one part or less 
(Comparative Examples 9 and 1 1) the strength of the molded honeycomb body drops and it 
is unable to hold up practically; furthermore, when 50 parts or greater of the binder is used 
(Comparative Examples 10 and 12), there is a large drop in the malodorous substance 



elimination for methyl mercaptan. Furthermore, in no case does the molded honeycomb 

body generate fine powder. 

[0071] 

[Effects of the Invention]: The molded metal oxide bearing active carbon body according to 
the present invention has a high oxidation catalyst functionality even at room temperature 
or low temperatures when malodorous gases have an extremely low concentration, and 
furthermore, since it has a honeycomb shape, pressure loss is extremely low, so it is 
superior in oxidation elimination capacity for malodorous substances such as methyl 
mercaptan and trimethylamine. Using these characteristics, [it] can be used for the 
elimination of methyl mercaptan and other malodorous gases in refrigerators, toilets and air 
cleaners. 
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